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Abstract : 
Generally we observe that the water in the natural environment, in seaport or harbour, present the mineral content of organic matter 
allowing bacterial proliferation. The presence of mineral ion, nitrogen, phosphorus, sulfur, iron, manganese, calcium in the form of 
nitrate, phosphates, sulfates brought the necessary element for the growth of those micro-organism analysis. 
After the interpretation of physical-chemical properties of, water of the harbour, it is sure that this environment favoured necessary 
conditions for the development of SRB associated to the other micro-organisms like the ferrous bacteria, that accelerated the 
bacteria corrosion process at the interface water-sediment in the basin. 
All this data are highlighted by using software which allowed the visualization of these phenomena and to understand their evolution 
in the long-term. This tool moreover allows the preventive management of environments which are characterized by a large 
complexity about bacterial and physical-chemical levels. 
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1 Introduction 
Based upon the results of a physicochemical and bacteriological analysis, software has been devised to help define 
and exploit the changing trends of the long term transfer of pollutants in isolated harbours on one hand, and 
pinpoint the nature of corrosion affecting installations submerged in brackish environments, on the other hand. 
The approach will lead the acquisition of useful tools to ensure a proper management of seaport infrastructures 
and carry out extrapolations between seaports with common characteristics. 
2 Presentation of the Study area 
Havre Seaport activity is carried out in three types of harbours [1]; [2] and [3]   : 
Tidal basins, under tide impact;  
Wet docks whose level remains more or less unchanged, isolated from the above basins by sluice-gates or lock-
chambers;  
Constant level basins, where water level is unchanged.  
The study deals with the analysis of the harbour water physicochemical parameters, exploited parameter-by-
parameter basis, relying on a database in use at Havre Seaport since 1977. Regular samplings have been 
conducted on a monthly basis at the level of 11 points in Havre Seaport area and its industrial area extending over 
5x30 km on the right bank of Seine estuary [4]. 
A linkage of the physicochemical processes and the bacteriological phenomena was conducted in order to 
pinpoint the interactions and especially the impact of accumulated organic matter in the sulphate-reducing bacteria 
proliferation [5] and [6]. 
The bacteria count [7] in harbours has led to the appreciation of the major role played by these micro-organisms 
in accelerated corrosion of seaport installations [8] and [9]. Based on the measures obtained, this work aims 
mainly at a detailed analysis of the physicochemical and bacteriological data. 
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3 Extrapolation Method  
The outlines of the various harbours (non-nil depth zone limits) have been deduced thanks to the Havre Seaport 
map digitising. A rectangular rack covering the outlined area helped construct unstructured and adapted grid 
(relatively fine for zones of more measurement points) for all seaport harbours. 
The interpolation phase consists in the redistribution of concentrations deduced from measurements (measurement 
scatter plot) on the grid nodes. The interpolation criterion is based on the distances between the measurement 
points and the grid nodes (the closer to the grid point a measurement point is, the greater becomes its contribution 
to the grid point in terms of concentration). This method is based upon the approaches applied in grid particle 
methods used in digital fluid mechanics which make it possible to go from a runoff as represented by a randomly 
distributed fluid particle scatter plot (Lagrangian description) to a given grid representation (Eulerian description). 
The linkage of these post-treatment modules has helped devise a software specifically for the overall 
representation and viewing of the transfer of pollutants in port zones. For Havre Seaport, in particular, the port 
sluice-gates and lock-chambers are taken into account, along with the depth of every harbour (the algorithm used 
in this study is summed up according to the procedure described in diagrams of figures. 1, 2, 3, 4 and 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 1 – : Harbour grid  
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FIG. 2 – : Generation of (non-regular) rectangular grid covering the unit 
 
FIG. 3 – : Diagram of the interpolation of measurements on the grid based on the distances between the 
measurement points and the grid points 
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σlk : Elementary surfaces (l=1,4) 
σT : Total surface of the grid considered 
FIG. 4 – : Diagram of the interpolation of measurements on the grid  : Detail of the method used  
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FIG. 5 – : Port plan deduced from the depth interpolation. Positions of the intake points   
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The behaviour of every parameter in the industrial zone is visualized using the software. The evolution of the 
main parameters traced by this study are the following: micro-organisms, iron, kjeldahl nitrogen and 
hydrocarbons (figures. 6, 7, 8 and 9). However, the port harbours have different depths and the parameters 
measured are realized on the basis of intakes from positions always situated at 1.5 m from the water surface.  
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FIG. 6 – : Bacteria evolution   
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FIG. 7 – : Iron evolution (µg/l) 
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FIG. 8 – : NTK evolution(mg/l) 
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FIG. 9 – : Hydrocarbons evolution (µg/l CH2) 
The analysis leads to the conclusion that Tancarville channel is richer in nutritive elements. This is further 
confirmed by micro-organism proliferation in the harbour. Iron is present in all harbours, almost at constant 
quantities.         
4 Conclusion  
In the port zones where seawater is more or less polluted with industrial waste or urban effluents, the presence of 
micro-organisms has an undeniable impact on bacteria-induced corrosions [10]. Organic matter input [11] allows 
the development of anaerobic bacteria which could change sediment oxygenation conditions and, as a 
consequence, favour bacteria-induced corrosions [12] and [13].  
The results of the post-treatment of tests and viewings deduced lead to the conclusion that Havre Seaport is 
affected by a particular case of bacteria-induced accelerated corrosion displayed in zones with high organic matter 
content. 
Corrosion has, to a great extent, an impact on the resistance, endurance and security of metal structures. Anti-
corrosion preventive measures should be taken when the installations are being designed. In view of the complex 
nature of corrosion, calling for a multidisciplinary approach (chemistry, biology, mechanics …) [14] and [16], all 
factors and parameters involved should be fully understood and clear-cut criteria for the zone condition should be 
devised. 
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In view of the means made available at Havre Seaport for the follow-up of the quality of the harbour water, it 
would be desirable to conduct finer controls at various heights, or at least to conduct such controls on the basis of 
a common reference [16] and [17], with an altitude reference defined as starting from the harbour bed, for 
example.           
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